Astrocytes from human hippocampal epileptogenic foci exhibit action potential-like responses.
We studied Na+ channel expression and the ability to generate action potential (AP)-like responses in primary cultures of human astrocytes by whole cell patch-clamp recording techniques. Tissue samples from 22 patients with various classifications of temporal lobe epilepsy (TLE) were plated to form separate astrocyte cultures from three regions; the hippocampus, parahippocampus, and anterolateral temporal neocortex. The resting membrane potential of seizure focus astrocytes (MTLE, mesial TLE) was significantly depolarized (approximately -55 mV) as compared with cortical astrocytes (-80 mV). Hippocampal astrocytes from other substrates for TLE (MaTLE, mass-associated TLE; PTLE, paradoxical TLE) in which the hippocampus is not the seizure focus displayed resting membrane potentials similar to those of neocortical astrocytes (approximately -75 mV). Astrocytes from the seizure focus (MTLE) displayed much larger tetrodotoxin (TTX)-sensitive Na+ currents with -66-fold higher Na+ channel density (113.5 +/- 17.41 pA/pf) than that of comparison neocortical astrocytes (1.7 +/- 3.7 pA/pf) or than that of the hippocampal and parahippocampal astrocytes of the MaTLE and PTLE groups. As a consequence of this higher channel density, seizure focus astrocytes were capable of generating AP-like responses. However, at the resting potential, most Na+ channels are inactive and no spontaneous firing was observed. In contrast, astrocytes in the comparison neocortex from all groups and the hippocampus and parahippocampus from the MaTLE and PTLE groups could not fire AP-like responses even after large current injections. The function of Na+ channels in these astrocytes is unclear. However, the marked differences in seizure focus astrocytes as compared with cortical and nonseizure focus hippocampal astrocytes suggest a more active role for astrocytes associated with hyperexcitable neurons at a seizures focus.